H uman metapneumovirus (HMPV), a paramyxovirus discovered in 2001, is associated with acute respiratory illness among infants and children worldwide. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] In addition, HMPV causes acute respiratory illness and results in hospitalization among older adults and persons with underlying chronic conditions, including asthma, cancer, and chronic obstructive pulmonary disease. [12] [13] [14] [15] [16] [17] [18] [19] However, the seasonality of HMPV disease and its overall burden in hospitalizations and outpatient visits among young children remain poorly defined. Previously published studies have been limited by their retrospective nature, 1-9 the use of data collected from convenience samples over relatively short periods, and the absence of asymptomatic controls.
The Centers for Disease Control and Prevention (CDC) New Vaccine Surveillance Network (NVSN) conducted prospective surveillance for HMPV infection among children less than 5 years of age who had acute respiratory illness or fever during the period from 2000 through 2009 in three U.S. counties. [20] [21] [22] [23] Earlier NVSN reports of HMPV infection included only inpatients enrolled at two sites over a 3-year period, 24, 25 whereas the current study extends the investigation to rates of hospitalization, emergency department (ED) visits, and outpatient visits for HMPV infection at three study sites over a period encompassing six seasons (November through May, from 2003 through 2009).
ME THODS

STUDY DESIGN
The design and methods of NVSN surveillance have been reported previously. [20] [21] [22] [23] 26 Surveillance was conducted in the counties surrounding Cincinnati, Nashville, and Rochester, New York. The surveillance periods included in this study were November through May, from 2003 through 2009. Healthy controls who were less than 5 years old and residing in the study counties were recruited during the same months from 2003 through 2005 at well-child visits in 8 to 10 primary care practices (the number of practices differed in the 2 years). Children less than 5 years old who had acute respiratory illness or fever were enrolled within 48 hours after hospital admission from Sunday through Thursday; outpatient surveillance was conducted 1 or 2 days per week concurrently. Patients in the ED were enrolled from 1 through 4 days per week. During the study period, surveillance hospitals cared for more than 95% of children in the county.
Children were excluded if they had symptoms for more than 14 days, had chemotherapy-associated neutropenia, had been hospitalized within the previous 4 days, or were newborns who had never been discharged. Written informed consent was obtained from parents or guardians, and the institutional review boards at each site and the CDC approved the study.
DATA COLLECTION AND LABORATORY TESTING
Demographic characteristics and medical and social histories were obtained with the use of standardized questionnaires. 21, 26 Laboratory and clinical information was obtained from medical records. High-risk conditions included premature birth (<36 weeks of gestation); chronic pulmonary, cardiac, renal, or immunodeficiency disease; cancer; and sickle cell anemia. 20, 25 Nasal and throat swabs were tested by means of a realtime reverse-transcriptase polymerase-chainreaction (RT-PCR) assay for HMPV and other viruses. 20, 22, 23, [27] [28] [29] Children with a positive RT-PCR test for HMPV were considered to have confirmed HMPV infection. Viral load was compared between HMPV-positive ill children and healthy controls with the use of a t-test.
STATISTICAL ANALYSIS
Prospectively collected demographic and clinical data were compared with the use of a Pearson chi-square test or Wilcoxon rank-sum test, as appropriate for categorical or continuous variables. Age-group categories were based on previous studies. [20] [21] [22] [23] 25, 26 Logistic regression was used for comparisons between inpatient and outpatient settings among HMPV-positive or HMPV-negative children, with adjustment for age as a continuous variable for each potential risk factor.
The number of hospitalizations per 1000 children was calculated with the use of the seasonal weighted number of hospitalizations attributable to HMPV infection, with adjustment for the number of surveillance days and the proportion of patients enrolled, divided by the county population according to annual U.S. Census intercensal population estimates (www.cdc.gov/nchs/nvss/ bridged_race.htm). The 95% confidence intervals were calculated with the use of 1000 bootstrap samples. 21 To estimate population-based rates of outpatient visits, we used National Am-bulatory Medical Care Survey (NAMCS) and National Hospital Ambulatory Medical Care Survey (NHAMCS) data for November through May of each year from 2003 through 2008, encompassing five seasons. We estimated rates of acute respiratory illness or fever attributable to HMPV infection by multiplying the proportion of patients who were HMPV-positive for each age group, clinical setting, and study year by the estimated age-specific rate of acute respiratory illness or fever (from the NAMCS and NHAMCS data). The 95% confidence intervals were calculated with the use of the delta method. 20, 22 Asymptomatic outpatient controls were not included in the rate calculations. All analyses were performed with the use of R software, version 2.12.2 (www.r-project.org).
R E SULT S
STUDY POPULATION
Of 12,363 children enrolled in the overall surveillance program, 10,518 (85%) were included in this study, and 646 ill children and 10 controls had confirmed HMPV infection (Fig. 1) . Children whose specimens were unavailable for HMPV testing (356 children), whose parents or guardians did not provide consent for long-term specimen storage (335), or who were more than 5 years old (1154) were excluded.
INPATIENT SURVEILLANCE
HMPV was detected in 200 of 3490 hospitalized children (6%) ( Table 1) . HMPV-positive inpatients were significantly older than HMPV-negative inpatients (median age, 13 months vs. 6 months; P<0.001), but the groups did not differ significantly with respect to sex, race or ethnic group, or insurance type. However, among hospitalized children, those who were HMPV-positive were more likely than those who were HMPV-negative to have high-risk coexisting conditions (40% vs. 30%, P = 0.002).
CLINICAL CHARACTERISTICS OF INPATIENTS
HMPV-positive children were more likely than HMPV-negative children to require supplemental oxygen (53% vs. 36%, P<0.001), had a longer mean stay in the intensive care unit (ICU) ( (49) 71 (16) 1036 (18) 6-11 mo 39 (20) 443 (13) 96 (22) 1148 (20) 12-23 mo 49 (24) 605 (18) 114 (26) 1524 (26) 24-35 mo 27 (14) 291 (9) 77 (17) 892 (15) 36-59 mo 29 (14) 337 (10) 88 (20) 1212 (21) Sex -no. (%) 0.16 0.35
Female 95 (48) 1398 (42) 198 (44) 2713 (47) Male 105 (52) 1892 (58) 248 (56) 3099 (53) Race or ethnic group -no. (%) † 0.67 0.25
White 95 (48) 1407 (43) 124 (28) 1754 (30) Black 62 (31) 1090 (33) 220 (49) 2704 (47) Hispanic 26 (13) 515 (16) 69 (15) 901 (16) Other or unknown 17 (8) 278 (8) 33 (7) 453 (8) Type of health insurance -no. (14) 419 (13) 62 (14) 530 (9) Viral illness 11 (6) 391 (12) 152 (34) 2058 (35) Fever 8 (4) 294 (9) 19 (4) 314 (5) * Outpatients were defined as children seen in the emergency department or outpatient clinic. P values were calculated by means of the Pearson chi-square test, except for the median age, which was calculated by means of the Wilcoxon rank-sum test. † Race or ethnic group was determined according to the report of the parent or guardian. ‡ Some children had more than one high-risk condition. § Diagnosis at discharge was reported on the basis of up to 10 discharge diagnoses, ordered as pneumonia, bronchiolitis, asthma, viral illness (including nonspecific viral illness, croup, respiratory syncytial virus infection, and upper respiratory infection), fever, influenza, seizure, bacteremia or septicemia, pharyngitis, and sinusitis. Only diagnoses present in at least 4% of HMPV-positive children are shown. For more details, see Table S4 in the Supplementary Appendix. P<0.001). However, HMPV-positive children and HMPV-negative children had similar rates of ICU admission (6% and 7%, respectively) and intubation (4% and 3%, respectively). HMPV status was not associated with the overall length of stay or the rate of positive bacterial cultures of the blood or urine, although HMPV-positive children were less likely than HMPV-negative children to have a urine culture obtained (20% vs. 37%, P<0.001) and were also less likely to have a cerebrospinal culture obtained (11% vs. 26%, P<0.001). HMPV-positive children were more likely than HMPV-negative children to receive a diagnosis of pneumonia (Table 1 ). Bronchiolitis and asthma were the next most common diagnoses among HMPV-positive patients. Among children with HMPV infection, 21 (10%) had other viruses simultaneously detected by means of PCR assay or culture: 13 children (6%) had respiratory syncytial virus (RSV), 6 (3%) had influenza virus, and 2 (1%) had parainfluenza virus (see Table 3 in the Supplementary Appendix, available with the full text of this article at NEJM.org).
HOSPITALIZATION RATES
From 2003 through 2009, the average annual rate of HMPV-associated hospitalization was 1 per 1000 children less than 5 years of age and 3 per 1000 less than 6 months of age (Table 2) . Annual rates ranged from a low of 2 per 1000 children less than 6 months of age in the 2004-2005 season to a high of 4 per 1000 children less than 6 months of age in the 2006-2007 season. The average hospitalization rate among children 6 to 11 months old was 2 per 1000, but the rate varied by year (range, 1 to 3).
OUTPATIENT SURVEILLANCE
HMPV was detected in 222 of 3257 children (7%) evaluated in outpatient clinics and in 224 of 3001 (7%) evaluated in the ED. Overall, HMPV-positive and HMPV-negative children did not differ significantly with respect to age, sex, or race or ethnic group (Table 1) , but HMPV-positive children were slightly less likely to have public insurance coverage and more likely to have no insurance coverage. The prevalence of high-risk conditions was similar in the two groups, but HMPV-positive children evaluated in the ED were slightly more likely than HMPV-negative children to have been born prematurely (13% vs. 11%, P = 0.009).
HMPV was detected in only 10 of 770 asymptomatic control children (1%) (P<0.001 for the comparisons with both hospitalized and outpatient children). Asymptomatic HMPV-positive controls did not differ from symptomatic children with respect to median age but had a significantly lower HMPV viral load than did HMPVpositive symptomatic children (mean genome copy number, 4×10 5 vs. 1×10 7 ; P<0.001).
CLINICAL CHARACTERISTICS OF OUTPATIENTS
One third (34%) of all outpatient children received a diagnosis of viral illness, and 10% received a diagnosis of bronchiolitis (Table 1) . HMPV-positive children were more likely than HMPV-negative children to receive a diagnosis of pneumonia or asthma. Among outpatient children with HMPV infection, 27 (6%) had other viruses simultaneously detected by means of PCR or culture: 14 children (3%) had RSV, 11 (2%) had influenza virus, and 2 (<1%) had parainfluenza virus ( Table 3 in the Supplementary Appendix).
RATES OF OUTPATIENT CLINIC AND EMERGENCY DEPARTMENT VISITS
The rate of HMPV-associated outpatient clinic visits was 55 per 1000 children less than 5 years of age (95% CI, 46 to 66) ( Table 2 ). Children 6 to 11 months of age had the highest rate, at 102 per 1000 (95% CI, 73 to 142). Rates of clinic visits associated with HMPV infection were 75 per 1000 (95% CI, 56 to 102) among children who were 12 to 23 months old, and 39 per 1000 (95% CI, 31 to 51) among those who were 24 to 59 months old.
For children less than 5 years of age, the rates of ED visits associated with HMPV infection 
SEASONAL AND ANNUAL VARIATION
HMPV infections were detected throughout the 7-month surveillance period during all 6 years, but the pattern of detection varied (Fig. 2) , with early peaks in some seasons (e.g. 
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fection present in 10% of all specimens from patients with acute respiratory illness during the month of April.
FACTORS ASSOCIATED WITH HOSPITALIZATION
To determine the effects of host and socioeconomic factors on illness severity, we compared the demographic and clinical characteristics of HMPV-positive inpatients and outpatients. In addition, to determine whether these risk factors were specific to HMPV, as compared with other causes of acute respiratory illness, these characteristics were also compared between HMPVnegative inpatients and outpatients, with adjustment for age (Table 3) .
Younger age was associated with hospitalization among both HMPV-positive and HMPVnegative children, particularly for infants less Children at outpatient clinics 639 than 6 months of age. Boys and girls had the same rates of hospitalization. The presence of a high-risk condition, most commonly premature birth, was associated with hospitalization for both HMPV-positive and HMPV-negative children. Attendance in out-of-home day care was not associated with hospitalization among HMPVinfected children. There was a trend toward an association between hospitalization for HMPV infection and the presence of other children in the home, but this association was significant only for children between 5 and 17 years old in the home. Status with respect to smoking exposure, breast-feeding status, and maternal level of education were not associated with the rate of hospitalization among HMPV-positive children.
DISCUSSION
Our findings show that among children who were younger than 5 years of age, the annual rate of hospitalization associated with HMPV was 1 per 1000 children, which is the same as the rates of hospitalization associated with influenza virus, at 1 per 1000, and parainfluenza virus types 1, 2, and 3 combined, at 1 per 1000, 22,23 but lower than the rate for RSV, at 3 per 1000. 20 Thus, the potential inpatient burden of disease associated with HMPV is similar to that associated with other common respiratory viruses ( Table 1 in HMPV infection occur annually among children less than 5 years of age. The rates of outpatient visits associated with detectable HMPV infection were 55 per 1000 clinic visits and 13 per 1000 ED visits, which were lower than the rates of RSV infection among outpatients (80 per 1000 clinic visits and 28 per 1000 visits, according to the NVSN). 20 However, the rates of outpatient visits associated with HMPV infection were similar to those for influenza during the 2002-2003 season (50 per 1000 clinic visits and 6 per 1000 ED visits) but were lower than the rates for influenza during the 2003-2004 season (95 per 1000 clinic visits and 27 per 1000 ED visits) 22 (Table 2 in the Supplementary Appendix). The average annual rates of HMPVassociated outpatient visits were approximately 20, 50, and 80 times as high as the rates of HMPVassociated hospitalization among children less than 6 months, 6 to 23 months, and 24 to 59 months of age, respectively. Extrapolation of these rates to the U.S. population suggests that 1 million outpatient clinic visits and 263,000 ED visits may be associated with HMPV infection annually among U.S. children less than 5 years of age.
The rates of HMPV-associated clinic and ED visits were highest among children 6 to 11 months of age, in contrast to rates for HMPV-associated hospitalization, which were highest among children less than 6 months old. Furthermore, the rate of HMPV-associated outpatient visits among older children remained similar to the rate among young infants. This pattern is in contrast to that for RSV infection, for which outpatient rates decreased markedly after 1 year of age. 20 Thus, HMPV, like influenza virus, may cause clinically significant disease throughout early childhood. 22 During most of the study period, there were no commercially available diagnostic tests for HMPV, and the virus is difficult to culture. Thus, few (16) 1614 (49) 1036 (18) 6-11 mo 39 (20) 96 (22) 443 (13) 1148 (20) 12-23 mo 49 (24) 114 (26) 605 (18) 1524 (26) 24-35 mo 27 (14) 77 (17) 291 (9) 892 (15) 36-59 mo 29 (14) 88 (20) 337 (10) 1212 (21) Male sex 105 (52) 248 (56) children would have received a diagnosis of HMPV infection in the clinical setting. Rapid diagnostic tools for HMPV detection would identify infection in these children. In this cohort, 40% of children hospitalized with HMPV infection had underlying high-risk conditions, including premature birth and asthma, whereas only 22% of outpatient children with HMPV infection had a high-risk condition. Other reports have also identified a substantial number of children with high-risk conditions who were hospitalized with HMPV infection. 3, 4, 7, 8, [30] [31] [32] Conversely, nearly two thirds of inpatients and three quarters of outpatients with HMPV infection were otherwise healthy. These data suggest that all children are at risk for HMPV infection requiring medical attention, which provides important information to guide future prevention efforts, including vaccine development.
The clinical features of HMPV infection are similar to those of infections due to other respiratory viruses. 9, 11, 25, 30 However, hospitalized children with detectable HMPV infection were more likely than those without HMPV infection to require supplemental oxygen and had longer ICU stays, possibly reflecting underlying conditions that predisposed them to more severe disease. There were no deaths associated with HMPV infection, RSV infection, or influenza in the study cohort. 20, 25 Nonetheless, the data show that HMPV is capable of causing severe disease, and fatal HMPV infections have been reported. 1, 7, 12, 13, 16, 18, [33] [34] [35] [36] [37] [38] [39] [40] [41] Furthermore, children with HMPV infection were more likely than those without the infection to undergo chest radiography, possibly owing to the absence of a specific viral diagnosis.
A small minority of children with HMPV had other viruses detected with the use of an RT-PCR assay. HMPV was detected in a few asymptomatic children, although at significantly lower viral loads than those in symptomatic children; higher viral loads have been correlated with more severe illness. [42] [43] [44] [45] [46] Although parents of control children were asked about concurrent respiratory symptoms, it is possible that some children had an acute respiratory illness before enrollment and were still shedding virus; conversely, these children may have been in the early stage of HMPV infection, and illness that subsequently developed was not recorded. HMPV shedding can last from 1 to 2 weeks after acute illness. 11, 30, 31, 47 As with many pathogens, caution is warranted in attributing illness to HMPV when the virus is detected, since detection does not prove causation. However, other studies have shown that HMPV is rarely detected in asymptomatic children. 11, 27, 28 Furthermore, virus challenge with HMPV causes acute respiratory illness in nonhuman primates and small-animal species that is clinically, histologically, and virologically similar to the disease in humans. [48] [49] [50] [51] [52] [53] [54] [55] Although the peak of HMPV detection varied from year to year, the prevalence of HMPV overlapped with the circulation of other common respiratory viruses. This finding underscores the strength of a multiyear study in delineating the epidemiologic features of HMPV. As with RSV and influenza virus, regular community-based, year-round surveillance is needed to define the onset and duration of HMPV activity. The similarity of clinical symptoms associated with different viruses strongly supports the need for specific molecular diagnostic methods for precise viral identification.
Our study has some limitations. First, our data can only reflect association, and in the absence of a specific intervention, we cannot infer that HMPV was the causal factor in the illnesses we observed. Second, our study population may not be representative of the entire U.S. population or that of other locations, despite the large number of patients enrolled over 6 years at three sites. Third, children were enrolled only from November through May, and some eligible children were excluded owing to missing samples or protocol deviations. Thus, we may have underestimated or overestimated the overall burden of HMPV infection. Fourth, institutional differences in medical practice may have affected hospitalization rates, but we used strict inclusion criteria and prospective data collection. Finally, children with neutropenia who were receiving treatment for cancer were excluded, although HMPV can cause severe and fatal disease in such children. 7, 12, 18, 35, 56, 57 Additional studies in special populations are needed to capture the complete burden of HMPV disease.
In conclusion, HMPV is frequently associated with acute respiratory illness in young children that requires medical attention, and HMPV infection represents a substantial health care burden among both inpatients and outpatients. 
